Abstract Many pupils have difficulties with the abstract verbal information in history lessons. In this study we assessed the value of active construction of multimodal representations of historical phenomena. In an experimental study we compared the learning outcomes of pupils who co-constructed textual representations, visual-textual representations, or visual-textual representations integrated in a timeline. 85 pupils in pre-vocational secondary education, aged 12-13, worked in dyads on a series of four history tasks. All pupils took a pre-test, post-test and retention test. Results show that working on visualtextual representations integrated in a timeline leads to higher short-term results than co-constructing textual representations. Dialogue analyses for two dyads working in the condition with visual-textual representations integrated in a timeline indicate that the extent to which pupils verbally integrate textual and visual information differs for the four different tasks.
Introduction
Think back to your history classes in secondary school. Your knowledge of secondary school history is likely to be fragmentary and unstructured. Shemilt (2000) reports in an evaluation of the Schools History Project in Great Britain: ''few fifteen year-olds are able to map the past; even fewer can offer a coherent narrative [....] for many, the 'event-space' within which [historical narrative frameworks] form and grow is incoherent and lacking in order or meaning' ' (p. 86) . Lee (2005) , who interviewed students about historical change, reports that the students did not show convincing signs of access to an overall framework of the past.
Acquiring a chronological frame of reference is vital in learning and understanding history. However, many pupils have difficulties acquiring a coherent overview of significant historical events and developments, and they confuse phenomena and concepts. Many of the phenomena in history are abstract in nature, and they are related in complex ways. Think, for example, of forms of government, such as democracy.
The prominence of abstract verbal information in history can be a problem for relatively weak readers in lower secondary education (Hacquebord 2004) . These pupils are expected to benefit particularly from efficient use of multimodal representations. Much of history can be visualised through different types of representations, such as pictures, cartograms, process and structure diagrams, and, naturally, timelines. The aim of this study is to assess the value of active construction of multimodal representations in supporting learners trying to acquire knowledge of historical phenomena in a chronological frame of reference.
Learning with multimodal representations
Research has given us insights into conditions for effective use of pictorial representations in addition to verbal ones, as well as into the processes of mental model construction through multimedia learning. Combining text and visualisations requires translating visual information into verbal information and vice versa, and then relating them to each other. These multimodal representations allow the learner to focus on different aspects of the topic being tackled and on connections between topics and aspects, thus promoting deep learning (Ainsworth 1999) . Positive effects have been found within the domain of science and technology and in the context of individual use of presented multiple representations. Most research on learning with multiple representations is based on Paivio's Dual Coding Theory and on Mayer's Cognitive Theory of Multimedia Learning (Paivio 1991; Mayer 2001) .
Dual Coding Theory (DCT) assumes that information is processed through one of two channels: the verbal channel or the visual channel. It predicts that adding pictures to text will benefit learning in most cases, as pictures can be processed both verbally and visually. This will result in more elaborate encoding, and the learner is provided with more retrieval cues (Paivio 1991 ). Mayer's Cognitive Theory of Multimedia Learning (CTML) strongly builds on DCT and makes three main assumptions: (1) information is processed through two separate subsystems for verbal and nonverbal information, (2) meaningful learning involves conscious processing, and (3) there is a limit to the capacity of working memory (Moreno and Valdez 2005) . The assumptions lead to a set of seven principles for multimedia learning: spatial and temporal contiguity, coherence, modality, redundancy, individual differences and the multimedia principle (Mayer 2001) . In his research, Mayer has found substantive evidence to support his theory (Mayer 2003; Mayer and Sims 1994) .
However, although DCT and CTML offer valuable insights, they do have their limitations, most notably in (1) their applicability to different types of representations, (2) their generalisability to different domains, and (3) the tendency of research to focus on presented representations rather than construction of representations by learners. These three limitations will now be briefly discussed.
First, DCT and CTML have been tested on a limited number of different types of representations, mainly process diagrams showing 'how things work' (Mayer 2003; Moreno and Valdez 2005; Lohse et al. 1994) . Cox (1999) remarked that a diagram is not always worth ten-thousand words, because its worth depends on the type of diagram, which meanings it represents, who produced or uses it, and the nature of the task. Schnotz and Bannert (2003) suggest that the structure of depictive representations (as opposed to descriptive representations) directly influences the structure of the mental model constructed from it. In a study with different types of graphics they found that the structure of the representation offered to learners was reflected in the structure of their mental models of the topic. This implies that depictive representations need to be chosen with extreme care to match the class of phenomena, task and the intended mental model. It seems reasonable, then, to make further distinctions between different subtypes of depictive representations. Jones et al. (1988 Jones et al. ( , 1989 ) present a taxonomy of types of visual representations corresponding to different types of text structures: spider map, series of events chain, continuum/scale, compare/contrast matrix, problem/solution outline, network tree, fishbone map, human interaction outline and cycle. Lohse et al. (1994) , on the other hand, developed a structural classification on the basis of ten scales of characteristics -e.g., concrete-abstract, spatial-nonspatial -which resulted in eleven types of visual representations: structure diagrams, process diagrams, maps, cartograms, tables, graphic tables, pictures, icons, time charts, network charts, and graphs. Their taxonomy is research-based, practical and exhaustive and we will use it in our description of the representations in our research.
Second Third, most of the research concerned with learning with multiple representations focuses on presented representations rather than on active construction of representations by learners. The mediating function of multiple representations is determined -among other things -by the nature of the activities elicited by the representations (Peeck 1993) . So far, research has paid relatively little attention to activities of individual and collaborative construction or adaptation of multimodal representations (Scaife and Rogers 1996) . Current trends in the field of learning and instruction stress the importance of active knowledge construction and collaborative learning. Cox (1999) stated that the process of translating information from a linguistic representation to a visual representation might be more effective than translation from one representation to another within the same modality. This idea is consistent with DCT (Paivio 1991) . A meta-analysis of Horton et al. (1993) reports a modest positive effect of construction of concept maps on student achievement. Several researchers suggest that multiple representations support deeper understanding when students integrate information from different types of representations (e.g., Ainsworth 2006). Bodemer et al. (2005) found that asking students to actively relate textual components to components of a visualisation had a beneficial effect on learning when the learning material was particularly difficult and complex. However, most studies on learning with multiple representations do not discuss the extent to which learners actively relate textual and visual information.
In addition to fostering knowledge construction, multimodal representations can also function as communicative support in collaborative learning (Reimann 2003) . Roth and Roychoudhury (1994) argue that concept mapping as a collaborative activity encourages communication and negotiation of meaning. Concept mapping engages students in discourse on relevant conceptual relationships. The required group product makes students focus on pivotal principles in the domain, and thus stimulates abstract discussion. Collaborative concept mapping is an open task with no predetermined answers, and this provokes negotiation. The product serves as a visible representation that can facilitate discourse on abstract concepts and relationships. Students can refer to the concept labels and the propositions in the emerging representation while verbalizing their ideas and negotiating meaning. Recent research on collaborative construction of representations has rendered positive results for both learning processes and learning outcomes (Suthers and Hundhausen 2003; Van Drie et al. 2005; Van Boxtel et al. 2000) .
The potential of multimodal representations for the acquisition of a chronological frame of reference Our research focuses on a domain that is relatively unexplored regarding research on learning with multimodal representations: the domain of history. A chronological frame of reference is the knowledge base that is used when reasoning about the past. It consists of knowledge about: (1) historical phenomena, (2) temporal and causal relations, and (3) concepts describing phenomena and relations. Research from Beck and McKeown (1994) has shown that pupils have difficulty developing a coherent chain of events, and that the schemas pupils use are too general to offer ready slots to fit the specific information that they might have gleaned. In addition, the specific information is too sparse to be useful in connecting it to more general information. Furthermore, pupils have particular difficulty forming a notion of complex historical developments and structures (Husbands 1996; Carretero et al. 1991) . Making these developments, structures, temporal and causal relations visible through pictures and diagrams can render abstract phenomena and relations more explicit.
The first component of a chronological frame of reference consists of different historical phenomena: the events, structures and themes of an era. Leinhardt (1994) makes a distinction between different types of phenomena that are central to instructional explanations in history classes: events, structures, themes and metasystems. Events are narratives of the actions of people and institutions, limited in time and space, such as revolutions and conquests. Structures are the more constant social elements with descriptive features, for example social class structure or systems of government. Themes are the clarifying notions at the core of historical understanding of people and nations over time, such as tensions between North and South in the United States. Metasystems include the metacognitive tools of history, for example analysis and perspective taking. Events, structures and themes are specific classes of historical phenomena that may require different types of representations. Events, for example, are often represented by narratives, such as a narrative of the rise and fall of the Roman Empire or a narrative of the French Revolution (Husbands 1996) . Such narratives can be textual, but they can also be visually represented, for example in a timeline or a comic strip.
The second component of a chronological frame of reference is knowledge of relations between historical phenomena: temporal relations and causal relations. Temporal relations can be represented by a timeline (Hoodless 1996) . Constructing timelines can help to sequence events, and to develop awareness of duration and 'key dates' or landmarks (Stow and Haydn 2001) . Dawson (2004) emphasizes both the active construction of timelines (instead of looking at completed ones) and the inclusion of images rather than just words and dates. However, a timeline with dates or periods and textual descriptions of historical phenomena only visualizes temporal relationships. It does not show the underlying causal relationships between the events and phenomena. Moreover, a timeline only visualises temporal relations. Other representations (such as historical pictures, animations, matrices comparing periods, and causal diagrams) might combine with a timeline to facilitate visualization of phenomena and casual relationships. Spatial representations can make it easier to understand relations (Larkin and Simon 1987) , and pictures may elucidate historical figures, situations and landscapes. Such a combination of diagrams and pictures is also in line with Friedman (1982) , who found that in history children under ten preferred to work with verbal or pictorial representations over spatially organised diagrams, such as timelines. Combining diagrams, pictures and text requires explicit linking of the different representations. The historical phenomena being visualised need to be contextualised in time. Continuity, change and causality cannot be recognised unless the temporal relationships are clear. In addition, causal relationships do not just require insight into temporal relations, but also into the types of phenomena to be explained. Connecting different types of information (that are represented in different representational formats) may thus be crucial in history learning.
The third component of a chronological frame of reference is knowledge of concepts used to describe phenomena and relations. Using historical terminology is an important part of history learning, and it involves both methodological concepts such as change, continuity and causes, as well as substantive concepts, such as feudalism and Enlightenment. Understanding the big picture requires generalisation through a range of abstract concepts (Hunt 2000) . Domain specific concepts are tools to question, think about, describe, analyse, synthesise and discuss historical phenomena (Van Boxtel and Van Drie 2004) . Therefore, historical concepts are an important component of multimodal representations used to display historical phenomena and relations. In line with the spatial contiguity effect (Mayer 2003) , it can be expected that students learn more deeply when relevant historical concepts are placed near the corresponding pictures.
The focus of our research is on the active construction of multimodal representations in collaborative learning tasks in history. We address the following question: What are the effects of the type of constructed representation on the acquisition of a chronologicalconceptual frame of reference? We expect to find that construction of a combination of visual and textual representations has a positive effect on the acquisition of a chronological-conceptual frame of reference, and that construction of a combination of visual and textual representations integrated in a timeline has an even larger positive effect, compared to construction of textual representations. The hypotheses are in line with the idea that active construction of visual-textual representations and the integration of verbal and pictorial information helps pupils to develop a 'big picture' of historical phenomena that can be more easily remembered and transferred to new tasks.
Method

Participants and design
The pupils in our study (N = 143) were from six different first year classes in three different schools, with one history teacher for each school (pupils aged 12-13). The classes were all in pre-vocational secondary education (VMBO), which a majority of Dutch pupils in secondary school (some 60%) attend. The language proficiency of these pupils is relatively low. History as a school subject is only part of the compulsory curriculum for the first two years for these pupils, so there is little time for developing a chronological frame of reference.
We conducted an experiment with dyads working in one of three conditions: textual representations (Text); visual-textual representations (Visual); and visual-textual representations integrated in a timeline (Timeline). Scores for the multiple-choice section of the pre-test were used for heterogeneous dyad composition: the pupils were divided into three groups with low, intermediate and high scores. Pupils from the group with the lowest scores and pupils from the group with the highest scores were teamed up with pupils from the group with intermediate scores. In classes where the intermediate scoring pupils outnumbered the low and high scoring ones, intermediate-intermediate dyads were also formed. Due to absence of a number of pupils at the start of the first task lesson, some classes did not contain enough intermediate scoring participants, so several low-low and high-high dyads were also formed. In total, the final sample contains 4 participants from low-low dyads (2 in the Visual condition and 2 in the Timeline condition), and 4 participants from high-high dyads (2 in the Text condition and 2 in the Visual condition). All dyads, except two, consisted of either two girls or two boys.
Given the space, time and attention required for the different conditions we chose to assign the dyads within each class randomly to one of two (instead of all three) conditions. In four out of six classes, the two conditions were put in different classrooms. We made sure that low/intermediate and high/intermediate scoring dyads were evenly distributed over the two conditions. All conditions were given the same amount of time to finish the tasks.
Due to a number of causes, 41% of the original sample had to be discarded: 32% of the Text condition, 49% of the Visual condition, and 37% of the Timeline condition. Pupils or dyads were discarded if one or more of the following reasons applied to them: absence during one or more task lessons; absence during the pre-test or the post-test; one or more tasks were missing or not finished; working individually (due to odd numbers). Pupils were included in the final sample in the following cases: if only the last task was partly missing; absence during the retention test; dyad partner absent during only one lesson. The high proportion of discarded dyads was mainly due to loss of concentration among pupils in school A, who were participating in Ramadan (a Muslim religious festival) during the period the experiment took place. As a result, few dyads in this school managed to finish all tasks. As a result, there is less diversity in the ethnic background of the entire sample (about 9% with a foreign background) than in the general population of Dutch pre-vocational secondary education (24%).
The final sample sizes are shown in Table 1 . Although the participants worked in dyads, the table shows some odd totals. This is because participants were individually assessed, and from some dyads only one of the partners could be included for the reasons mentioned above. Experimental tasks
The experimental tasks were based on our experiences with a pilot study (see below). Working in pairs, pupils carried out a series of four tasks on the Early Middle Ages during three consecutive history lessons. The period of 500-1000 AD of Western European history -the Early Middle Ages -was selected for several reasons. First, the period includes the full range of phenomena that are dealt with in the history curriculum. Also, the period is representative of the difficulty level of, and the types of relations in other periods in the history curriculum. In addition, the existing curriculum for this period includes different types of developments and social structures that are closely related. It marks a turning point in Western European history with the decline of the Roman Empire and the subsequent development of manorialism, and these two developments can only be understood in relation to each other. A number of important socioeconomic, political and religious changes took place during the Early Middle Ages. The period includes some very abstract concepts, and life during this period was in many ways very different from our pupils' lives. On top of that, there is very little original visual material available from the Early Middle Ages that can help pupils in shaping a notion of this period. The specific task content was chosen on the basis of the 2001 report of the (Dutch) Committee of History and Social Studies that proposes ten eras with their specific aspects for the history curriculum in Dutch schools. In this proposal, the Early Middle Ages are called ''the time of monks and knights'', and its specific aspects are the spread of Christianity, manorialism, and the rise and spread of Islam. The four tasks each had different types of content. The tasks that were used in the Visual and the Timeline condition were designed according to Mayer's (2003) principles for multimedia learning. According to these principles students learn more when words and pictures are combined (multimedia effect), when extraneous material is excluded (coherence), and when words are placed near a corresponding picture (spatial contiguity). The representations for the four tasks can be categorised as follows according to the taxonomy by Lohse et al. (1994) : (1) process diagram (decline of the Roman Empire), (2) network chart (effects of the fall of the Roman Empire), (3) structure diagram (manorialism), and (4) cartograms (spread of Christianity and Islam). Appendix A shows examples of completed answer sheets for Task 1 and Task 3 in the Visual condition. All pictures used for the answer sheets were made especially for the experiments by a professional illustrator. The picture for the third task was in fullcolour, while for the other tasks we used black-and-white drawings. The task products in the Timeline condition were linked to each other in a large timeline the size of two sheets of flip chart paper (about 60 · 140 cm). The tasks in the Text condition covered the same content, but only textual answers were required, and no pictures were provided on the answer and instruction sheets. An overview of the tasks is shown in Table 2 .
The accompanying texts were the same for all three experimental conditions and these were two to three pages in length each, including appropriate illustrations. Important concepts were printed in bold typeface, and pupils were encouraged to use these concepts in their answers. The tasks were closed off with a summary question, such as: ''Finish the sentence below with two causes and use your answers above and the text: The Roman Empire disappeared because ... and because ... ''. The pilot study mentioned at the beginning of this section (N = 22) was done to determine how much time was needed, and to try out the tests and the tasks in two different experimental conditions (Text and Timeline).
Tests
The pupils were given the same individual knowledge test three times: a pre-test, a posttest, and a retention test. We included a retention test to investigate long-term effects. The test consisted of three subtests that were administered separately to prevent questions giving away each other's answers. To ensure coverage of the learning goals, the test was based on a test matrix, which in turn was based on a matrix of the learning goals. Subtest A was a free association spider on the Early Middle Ages. Subtest B consisted of open questions, including both textual and visual questions (e.g., with pictures, maps, or timelines). Subtest C consisted of different types of multiple-choice questions (e.g., multiple Table 3 . Some examples of test questions are shown in Appendix B. We used Cronbach's alpha to determine test reliability. Table 4 shows Cronbach's alpha for the pre-test, post-test and retention test. Prior knowledge was low, so pupils had to resort to guessing on the pre-test, resulting in low homogeneity. Cronbach's alphas for the post-test and retention test were not high but were still considered acceptable. One item from subtest B was excluded from further analyses, because it had zero variance in the pretest, and little variance in the post-test and retention test. This item asked about the Arab Empire, while most pupils seemed unable to disconnect the concept empire from the Romans. Table 4 shows the test reliability after deleting this item.
The three subtests were scored on the basis of the task text content. The interrater reliability between two raters for subtest B on 74 randomly chosen tests from different classes (28% of the total number of scored subtests B) was .89 (Cohen's kappa).
Setting and procedure
The pre-tests were administered four or seven days before the start of the experiment. The total time taken by pupils varied from 30 to 40 min. Pupils were given brief instructions about the research study and the tasks both during the pre-test lesson and at the start of the experiment. For all classes, the experiment was started in the first history lesson after administering the pre-test.
The classes were divided over two classrooms by condition. One of the researchers monitored one condition, and an assistant monitored the other condition, while the teacher switched classrooms from time to time. Apart from a short introduction before splitting up in conditions, there was no classroom instruction, nor did the teacher, researcher or assistant give feedback on content, only on completion (''Is it finished, yes or no?''). The participants started each task by reading a text on the task topic; the same text was used for all conditions. After reading, the dyads were given the task sheets and instructions. When a dyad had completed one task, they were given the next. The pupils had three lessons (about 150 min) to finish all four tasks. The conversation by the dyads was audio taped with recorders placed on their desks. The post-test was administered either at the start of the first history lesson after rounding off the experiment, or the next day at the start of a lesson by the class mentor. The retention test was administered 33-49 days after the post-test (M = 37).
Analysis of student dialogue
From the final sample of 85 participants, two Timeline dyads (4 participants) were selected for a closer look at the discourse, in particular to get an idea of the occurrence of integration of text and representations during work on the different tasks. The dyads were selected from all Timeline dyads from the final sample. The chosen dyads had the most complete protocols (i.e., protocols were available for all four tasks). Also, the participants in these two dyads showed a strong increase in their scores between pre-test and post-test, so we expected to find indicators of relating textual to visual information in the student dialogues. Dyad For each of the two dyads selected, the dialogues were typed out, coded and analysed with utterances as the unit of analysis. The protocols were analysed in several steps. First, the utterances were coded for their basic topic: Content, Procedure, Social talk or Other. The focus in coding and analysing the interaction processes was on the content related part of the discourse. Content propositions included utterances about historical phenomena and relations, about pictures, or about the answers to be given on the answer sheet. Procedural propositions referred to physical characteristics of the task materials or to the spelling of the answer, or they were utterances for regulating the collaboration or the behaviour of the partner. Social talk included all utterances by the dyad partners that were irrelevant to the task. The category Other included utterances by other participants, by the teacher, or by the experimenter. Unintelligible utterances were also assigned to the Other category. The Procedure, Social talk and Other utterances were not investigated further, but served as a valuable context for interpreting the Content propositions. Examples of these categories are shown in Table 5 .
The next step was to indicate which utterances were passages taken directly from the text, the instructions, or the answer sheet. As the participants did not originate these utterances, they were not coded within the Content category. Again, these utterances provided a context for interpreting the Content propositions. The steps thus described were also used to code and analyse a larger set of 20 dyad dialogues of Task 2 (see Prangsma et al. 2007 ). The interrater reliability between two coders was calculated for four dialogue protocols (totalling 1060 utterances) and amounted to .74 (Cohen's kappa). Finally, the Content propositions were coded for Integration, which was understood when information from the text was related to (a part of) the multimodal representations (e.g., schemas, pictures, the timeline itself) on the answer sheets. The dialogues were coded by the first two authors, and any disagreements were discussed and decided upon by them. Some dialogue fragments with integrative utterances are shown in Table 6 .
Hypotheses
We compared the learning outcomes of pupils who co-constructed textual representations, visual-textual representations, and visual-textual representations integrated in a timeline. The visual-textual representations that pupils constructed, integrated historical concepts, historical phenomena and relations (the components of a chronological-conceptual frame of reference). The considerations above lead to the following hypotheses. First, we expect that the pupils who co-construct visual-textual representations that combine pictures, diagrams and historical concepts will gain more historical knowledge than pupils who co-construct textual representations, because information will be processed both verbally and visually, and verbal and visual information will be integrated. Second, we expect that pupils who integrate different visual-textual representations into an overall representation (a timeline) will gain more historical knowledge than pupils who co-construct textual representations and pupils who co-construct visual-textual representations without integration, because in this condition temporal relations are also visualised. Third, we expect that these differences will endure over a longer time span.
Results
Tests
We present the results of our analyses of pupils' performance in the three conditions. Table 7 shows the mean scores and standard deviations on the pre-test, post-test and retention test in the three conditions. Pre-test data were examined to identify initial differences in prior knowledge scores between the conditions. An ANOVA indicated that the three conditions did not differ significantly from each other in their mean pre-test scores (F(2, 82) = .32, p = .72). Although the pre-test turned out to have problems of reliability, the three conditions did not differ significantly on pre-test results. There is no obvious reason to suspect that the groups differed at pre-test.
Before comparing the test results of the three conditions, we investigated a preliminary question: Did the participants actually learn something from the tasks? For each condition, we checked this with paired samples T-tests between pre-test, post-test and retention test. The paired samples T-tests showed that in each condition the pupils' score increased significantly from pre-test to post-test (p = .00) and from pre-test to retention test (p = .00). There was a significant decrease from post-test to retention test for both the Visual (t(31) = 4.34, p = .00 (two-tailed)) and the Timeline condition (t(21) = 3.23, p = .00 (two-tailed)), but not for the Text condition (t(29) = 1.79, p = .08 (two-tailed)).
As we found no significant differences between the conditions on the pre-test, we went on to check for differences between conditions on the post-test and retention test scores. The ANOVA for the post-test showed a significant difference between the three conditions (F(2, 82) = 3.66, p = .03). Post-hoc analysis (Bonferroni) showed that this is attributable to the significant difference between the Timeline and the Text condition, with a mean difference of 3.38 (p = .03). The Timeline group performed significantly better on the post-test than the Text group. On average, the scores of the Visual group on the post-test were 1.75 higher than the Text group scores, but this difference was not significant (p = .58). We did not find significant differences between conditions for the retention test scores, which means there is no difference in long-term effects (F(2, 78) = .43, p = .65). We suspected that the difference in post-test scores between the Text and Timeline groups might be attributable mainly to questions related to temporal relations, so we did an exploratory analysis for the section of the test with the 11 time-related questions. After all, there were no significant differences for the Visual group, and that leaves the built-in emphasis on temporal relations as the main distinguishing factor between the Text and Timeline tasks. The ANOVA results for the time-related questions in the post-test -taken both from subtest B and subtest C -again showed a significant difference between conditions (F(2, 82) = 4.71, p = .01), and again, the post-hoc tests (Bonferroni) showed a significant difference only between the Text and Timeline groups (p = .01) with a mean difference of 1.45. These results suggest that the difference between the Text and Timeline groups might be attributable to this section of the test. Again, the difference disappears in the long run (F(2, 78) = .26, p = .77). Analyses of just the non-time-related questions shows no significant differences between conditions (post-test: F(2, 82) = 1.89, p = .16; retention test: F(2, 78) = .46, p = .64).
Although the participating teachers (there was only one teacher per school) had pupils from all conditions, and pupils and dyads were carefully (but not completely randomly) assigned to conditions, we decided to check whether the distribution of conditions over classes could have interfered with the results. We used independent samples T-tests and found that the significances and directions of the significances for the separate classes were the same as for the entire sample.
We found no significant differences, then, between the Visual and the Text conditions, nor between the Visual and Timeline conditions. On the other hand, we did find a significant difference in time-related questions between the Text and Timeline conditions. It seems then that the visual support with pictures and schemas in general might not be the distinguishing factor we expected, whilst the combination of pictures and schemas with specific visualisation of time does seem to make a difference, at least in the short run.
Products and process
To gain more insight into the learning processes, we first took a closer look at the use of the multimodal representations in the group products to see how the pupils in the Visual and Timeline conditions dealt with the pictures incorporated in them. The products revealed that especially in the first and fourth tasks some dyads came up with interpretations that did not match their intended meaning or the information in the text. In the first task the pupils completed a storyboard about the decline of the Roman Empire by ordering drawings and adding concepts and captions. One of the drawings in this task showed Roman soldiers who walk away from a ruin. Some of the dyads did not relate this drawing to the departure of Roman soldiers from the provinces back to Italy after the Western-Roman Empire fell. These dyads came up with descriptions such as ''the armies revolted'', ''wandering of nations'', and ''they had built roads and bridges''. One dyad described the drawing that showed the division of the Roman Empire as showing that ''the Romans had conquered almost everything they wanted to conquer''. One picture contained a map of the Eastern Roman Empire with its emperor on the right, and an empty space and an empty chair on the Developing a big picture 129 left (a representation of the fact that there was no Western Roman Empire anymore). One dyad associated this picture with trade and wrote the following caption: ''There were large distances between countries, so for trade as well''. In the fourth task it appeared that many pupils found it difficult to colour the spread of Christianity and the spread of Islam on a map. Pupils were asked to first colour the spread of Christianity until 500 AD in map A, and then colour the spread of Christianity from 600 to 1000 AD and the spread of Islam from 600 to 1000 AD in map B. The pupils were provided with a map that combined these changes. Many dyads did not execute the task as it was intended. Some of the dyads simply copied the colours of the given map both in map A and map B -which was the wrong answer -others coloured more than was asked for in the instruction or did not colour the correct parts of the map. Thus, it seems that pupils had difficulties reading a complex map and using it to construct two new maps. We may have over-estimated pupils' map reading and construction skills.
Our premise was that the Timeline condition would do better than the Text condition on the tests because these participants had to integrate the textual and verbal information within the tasks. In addition, they had to integrate the information from the different tasks into a larger whole -a timeline. Table 8 shows the results of a closer examination of the number of utterances by task for each of the two dyads, as well as the percentage of integrative utterances in the sections of the dialogues where the participants are working on the timeline itself -as opposed to just one task sheet. The differences between the two dyads might be explained by their pre-test levels: Dyad A consisted of two intermediate scoring pupils, whilst Dyad B consisted of an intermediate and a low scoring pupil.
A closer look at integration of text and representations in Timeline dyads A and B showed that Task 1 -which involved completing a process diagram on the decline of the Roman Empire by sorting pictures and adding text -elicited the most integrative utterances (45 and 37, respectively) . On the other hand, Task 3 -which involved adding captions to parts of a structure diagram on manorialism -elicited very little integration (12 and 3, respectively), and most or even all (Dyad B) of these integrative utterances are found when the participants are occupied with linking Task 3 to the timeline (11.11% and 9.68% of all Content utterances, respectively). Since we found a significant difference between the Text and Timeline conditions on the post-test for the timeline-related test questions, we expected to find a substantive amount of integration during the part of the task that involved the overall timeline. Table 8 also shows the frequency and percentage of integrative utterances in the timeline sections of the dialogues. The numbers differ widely between the tasks. Whilst for Task 3 almost all of the little integration we found concerns the timeline, for Task 4 we found very little timeline integration, and for Task 2 we found no timeline integration talk at all. Again, Task 1 shows slightly higher numbers than the other three tasks. It is possible that the combination of the type of representation, the types of activities, and the type of timeline activities involved specifically in Task 1 -a process diagram, sorting pictures and colouring and labeling the timeline -encouraged integration more than the representation types and activities of the other three tasks.
Conclusion and discussion
The aim of this study was to investigate the effects of the type of constructed representation on the acquisition of a chronological frame of reference. We compared the learning outcomes of pupils who -after reading a text on the Early Middle Ages -worked in one of the following conditions: (1) co-construction of textual representations; (2) co-construction of visual-textual representations; and (3) co-construction of visual-textual representations integrated in a timeline. Our hypotheses were partly confirmed. The pupils who integrated the visual-textual representations in a timeline outperformed the pupils in the textual representation condition on the post-test, but not on the retention test. Considering the fact that the pupils in the Timeline condition scored higher particularly on the time-related items of the test (marking an event on a timeline or ordering events chronologically), we assume that the timeline representation resulted in higher learning outcomes, because it also made temporal relations explicit. An explanation for the disappearance of this effect in the long run (as measured with the retention test), might be that knowledge about temporal relations is more difficult to retain. Furthermore, a timeline that is studied or constructed may be difficult to remember and to reconstruct from memory in a new task. A suggestion for further research is to examine the influence of different representational formats on long-term learning effects as well as on the learning process.
Contrary to our expectations pupils who co-constructed the visual-textual representations did not show significantly higher scores on the post-test and retention test than pupils in the textual representation condition. This may suggest that collaborative construction of visual-textual representations without integration in a timeline does not help pupils more in developing a 'big picture' of historical phenomena (events, structures, and themes) than the construction of textual representations. However, we need to be careful in drawing this conclusion. First, although the visual-textual representation group did not show significantly higher post-test scores than the textual representation group, the means point in the direction of our hypothesis. Second, although the pictures were meant to give a more concrete representation of abstract phenomena and abstract relations, a closer look at the group products revealed that some dyads had difficulty with understanding some of the pictures that were used, as well as with reading and producing maps showing historical developments. De Westelinck et al. (2005) found the same problem with the iconic sign system used in their research. A possible drawback of pictures in comparison with texts might be that it is more difficult to predict the kind of associations that are evoked. This also makes it difficult to control construction activities with these representations. Some situations and developments in history are difficult to represent with a low degree of ambiguity in a drawing or diagram and might be better represented by means of a story, film or a computer animation. This is a problem that springs from the unclear semiotics of the domain of history. Even when the context of a picture is known, for example the Early Middle Ages, pictures are often open to multiple interpretations. Thus, misinterpretation of the pictures may have resulted in inaccurate or inappropriate mental representations. The natural ambiguity of the domain also makes it hard for students to learn to understand the forms of representation -the importance of which is underlined by Ainsworth (2006) : there are no fixed formats in history. Further research can shed light on the associations that are evoked by different types of pictures.
When we look at Mayer's seven principles for multimedia design (2007), we find that only one is partially confirmed by our data: the multimedia principle. This principle states that a combination of text and visual representations results in higher learning outcomes than just text. Simply a combination of text and visual representations did not have the effect predicted by Mayer's principle, but we did find that a combination of text and visual representations integrated in a wider overview had more positive effects than just text. However, the circumstances of Mayer's experiments have so far been quite different from those in our research: (a) his experiments were very short, whereas ours lasted four sessions, (b) his participants were college students, whereas ours were pupils in prevocational secondary education, (c) his experiments took place mainly in lab settings, whereas ours were set in normal classrooms, embedded in the curriculum, and (d) the topics of his tasks were very physical in nature, whereas ours were quite abstract and more difficult to represent, and (e) his tasks involved presented representations, whereas ours required construction activities by the learners. The principles of CTML might not work in quite the same way under these different circumstances, as was the case in the study by De Westelinck et al. (2005) .
The dialogue analyses seem to support the idea that learning with multimodal representations is to a large extent mediated through active relating of information from different representations (in this study: textual and visual information). The discussions by the two dyads -both of which have learned relatively a lot from the tasks -show quite a few utterances that reflect active integration of textual and visual information. However, the analyses also showed large differences between tasks. Although all four tasks were designed to encourage the pupils to relate and integrate the information from the text and the visual representations, it seems that Task 1 (completing a storyboard about the fall of the Roman Empire) elicited a lot of active integration, whilst Task 3 (describing an image representing manorialism) elicited very few integrative utterances. Possibly, Task 1 stimulated active integration more strongly because the integration was scaffolded more: first the pictures are discussed using historical concepts from the text, and then the pictures are put in the correct order. Both activities require that textual information (historical concepts, causal and temporal relations) are related to visual information. In Task 3, pupils answered questions about elements of an image, to which the correct answers were concepts from the text. Thus, it was perhaps not strictly necessary to connect the text to the image, and connecting it to the questions was sufficient, even though the questions did refer to the image. Out of the four tasks offered, Task 3 required the least varied activity from the learners, and fewer relations had to be drawn within the representation than in the other three tasks. It is possible that this task was too easy, that too much information was given away by the guiding questions, or that the picture was not really needed to find the answers to these questions. Future research should focus on the extent to which pupils working on multiple representations connect the information from the different representations-in different task types, representation types, and domains -and how the occurrence or non-occurrence of such connecting activities is related to learning outcomes.
The multimodal representations that pupils worked on in this study combined visualisations of historical phenomena (e.g., the split of the Roman Empire, trade by barter) and relations (causal, temporal). We cannot draw conclusions about the effects of such a combination from the results of this study. In a follow-up study, we will investigate whether representations that combine visualisation of both phenomena and relations can contribute more to the acquisition of historical knowledge than visualisation of only the phenomena or the relations. In conclusion, there are indications in our study that integration and visualisation of historical phenomena, concepts, and causal and temporal relations helps pupils to acquire knowledge of an era. Tick the two correct answers. q The empire was increasingly badly governed. q There was no longer any long-distance trade. q Germanic peoples wandered into the empire. q The Roman Empire became Christian. q The Arabs marched into the empire. q Roads and bridges were no longer cared for. 
